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Physics Motivations
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PHENIX: PRL 91, 172301 (2003), PRC 69, 034909 (2004)

Au+Au collisions at Vs, = 200 GeV

One of the most striking
results so far at the heavy
ion experiments at RHIC:
— Strong suppression of xt°
yields above p; ~ 2 GeV/c.
— No suppression for baryons
at intermediate p; (2-5

GeV/c), “Baryon anomaly
at RHIC”.

Need to understand the
hadronization mechanism,
I.e. recombination and jet
fragmentations, at
iIntermediate p; and beyond
(<10 GeV/c).

Importance of continuous
PID capability from low p;
to high p;.

CAARI 2004, Tatsuya Chujo



Aerogel & Time-of-Flight (TOF)
» Together with the Aerogel, TOF and

RICH, we can extend the PID beyond
5 GeV/c.

« Coverage: ~4 m? in PHENIX west arm.

PHENIX Detector

Central I

; Magnet TEC

AEROGEL Cherenkov detector:
n=1.0113.

» Completed full installation for Run5. Il

Additional TOF counter is required for
K/p separation below 5 GeV/c.

West Beam View East

2004.10.13, Downtown Ft Worth TX CAARI 2004, Tatsuya Chujo



2004.10.13, Downtown Ft Worth TX

Extension of Charged Hadron PID Capability

Pion-Kaon Kaon-Proton
separation separation
TOF o~100 ps 0-25 -5

0 4 8 0 4 8

H‘ I Y ‘__I_I.‘ |
RICH n=1.00044 =17 17 -

0 4 8 0 8
yth~34 L) Tkl 0 T g F g

Aerogel n=1.01 " 141 -5 . . 45 -9 .
yth~8.5 | ey || j I pumnPa

With TOF
AEROGEL : (n=1.0114, threshold= 10% of Max. Np.e.)
Momentum 1.2 3 4 5 6 7  ~10.1 Aerogel together with TOF can
[GeVlel 0i5 | | 2]5 | 3]5 |4|.2 |5i5|6f5| limit) _ys
, ' extend the PID capability < 10
| LOF | | RICH _
dh AEROGEL ) ] GeV/C
K TOF AEROGELN RICH * Without TOF, no K-proton
-— -
TOF(proton) NAEROGEL separatlon at pT < 5 GeVIc'
D AEROGEL(N RICH)
| TOF o
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MRPC: Multi-gap Resistive Plate Chamber

« A stack of resistive plates (glass) with electrodes stuck on the outside.

» Internal glass plates electrically floating, take and keep correct voltage by
electrostatics and flow of electrons and ions produced in gas avalanches.

» Resistive plates transparent to fast signals, induced signals on external
electrodes is sum of signals from all gaps (also, equal gain in all gaps)

» Operated in avalanche mode for TOF detector.

The MULTIGAP Resistive Plate Chamber

l
Essentially a stack of resistive (glass)
plates with electrodes stuck on the outside

Pick-up electrode T
Mylas

Carbon layer \“‘#‘_ _HV.

Pick-up electrode

— /
Carbon layer /# +HV.

Mylar © ~
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From QM2001 (ALICE-TOF)
poster by Crispin Williams.




PHENIX-MRPC: System Requirements

Why MPRC-TOF?
— Cost effective compared to scinti.+PMT based TOF.

— Easy to build a large area detector which can be
extended from 1 sector (Run-6) to full West arm
coverage in the future.

— New generation of TOF detector.
— Good timing resolution (<100 ps)
— Reasonable efficiency (> 95%).
— Extensive R&D by LHC-ALICE and RHIC-STAR.
Our GOAL.:

— Timing resolution: <100 ps
— Detection efficiency: >95 %
— Occupancy: <10 %

— Total cost: < 500k
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PHENIX-MRPC: Design Considerations

1. Single stack type MRPC.

— ALICE (10 gaps, double stack), STAR (6 gaps,
single stack).

— Better performance for double stack, but single
stack is easier to build and satisfies our
performance requirements.

— Space limitation (< 27) in PHENIX.

2. Strip Readout pad design.
— Location will be 4.85 m from vertex.
— Hit position determined by timing info.
— Strip design with double ended readout reduces
the number of electronics channels significantly.
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PHENIX-MRPC: Detail
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Honeycomb length = 13.3 cm
Total strip width = 12.5cm

Strip width = 1.3 cm
< »| l«— Strip interval = 0.3 cm

v

Electrode thickness=0.13 mm
Readout gtrip thickness = 0.5 mm

PCB thickness= 1.5 mm

9

4
Outer glass thickness
f =1.1mm
Inner glass thickness = 0.55 mm

Gasgap = 230 micron
My lar thickness = 0.35 mm

I Honeycomb thickness = 12.7 mm
< Inner glasslength = 12.7 cm > /- Glass \
“ Outer glassiength = 12.86 cm ¥ Bl Electrode
PCB length = 16.3 cm > ] mylar
[ PCboard
Bl Readout strip
« 6 gaps (230 micron). [ Honeycomb
. . Standoff
« Gas mixture: R134A (95%), Isobutene (5%) at 60 cc/min. (I Stando;
e HV:z7.5kV
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3 Prototypes
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Different pad/strip design, same structure

, readout at both ends.

, readout at both ends.

ips

50.9 x 53.5 cm?, 32 str

“PH1:
-PH2
2004.10.13, D¢ 'PH3

ips

12.5 x 53.5 cm?, 8 str

10

. similar to STAR MRPC.

12.7 x 53.7 cm?, 48 pads (6x2 cm?)



Readout strip-pad (PH2/3)
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Assembly Pictures

Nylon standoff
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Side view
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Assembly Pictures (cont.)
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Preamp and Gas Box

. - R - . =]
Signal cable connection

inside the box.

i Gas box (MRPC

e e e e - e

HV test and cosmic ray data taking has been done on the test bench.
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Preamp (from STAR)

Used STAR TOFr preamp
- Fast current amplification (MIP hit for STAR MRPC: ~25 fC) using MAXIM 3760 chip.
- Discriminate using standard components.

6 channels, one per MGRPC pad

-~

Maxim 3760 Preamplifier

Analog Devices 96687 Comparator crosp, pveD, TOE:)
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KEK Beam Test

Experiment: KEK-T561 (2004.6.1 - 6.8).
Participating Institutions: Univ. of Tsukuba, Vanderbilt Univ.

Beam: KEK-PS secondary 2 GeV/c pion and proton beams
(some kaons and deuterons).
— 20 counts/ spill, (1 spill ~ 2 sec duration).

Control parameters:

1.  Detector type (PH1,2,3).
2. Applied high voltage.

3. Beam position (horizontal and vertical scans)
* Across the chamber.
«  Within a pad/strip.
Discriminator threshold.
Gas mixture
» Default: R134A: Isobutene = 95:5 @ 1cc/sec flow rate.
* No performance change seen in:
—  97%/3% mixture, 92%/7% mixture, and x2 gas flow rate.

Sl

Checked detection efficiency and timing resolution.




KEK-T561 Experimental Setup

MRPC
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Slewing effect

MRPC_ADC : Time3[MRPC]-Time1[ST1] |hist13_adc
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Typical T-A
correlation plot.

Strong slewing effect
seen.

Usual slewing
correction used for

PMT- scinti. based
TOF is applicable.
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PH1 and PH3 Performance

2004.10.13, Downtown Fi

Run #: 335 m

PH1, HV = 15.50 kV
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HV scan (detector type dep.)

Time Resolution Efficiency
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* PH1: worse timing resolution (>150 ps), same efficency as PH2. Problem on uniformity
of performance across the chamber. Difficulties in mechanical assembly.

* PH2: 68ps timing resolution at optimal condition,
but 90% efficiency. Solution — increase strip width.

* PH3: comparable timing resolution with PH2 (best value: 67ps), 98% efficiency.



Horizontal scan along strips (PH2)

1
— > 90%
c
D Hit strip
O
[
T Edge effect
¢ . [ [
©
. o ° . o
O
@] ® Py ..
o ® ®  Other strips
0 e ® o o — & o VeSS T'E
20 15  -10 -5 0 5 10 15 20 25

Beam position w.r.t. strip center (cm)

Uniform efficiency along the strip.
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Position Determination

Position dependence of <MRPC TDC L-R>
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Similar to scintillation counter, hit position can be determined
by (left - right) time difference.
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Charge sharing in strips (PH2)

>
@)
GCD : Note: different color
. — corresponds to the
h(__) \ different hit position
g— along the strip
LL] bea m (horizontal position scan).
g
° .
: I o
L
e 2¢cm ¢
0 ¢=——8 Y P
0 1 2 3 4 5 6 7

Strip number (1.6 cm step)

* Diameter of imaged charge would be ~2cm.
 Lower efficiency in PH2 than PH3 can be understood
due to the strip width being smaller than the size of the

2004.10.13 Charge diSt.
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Charge sharing in pads (PH3)

Pad Efficiency vs. Position

1

>
Q — e
.g | +—0—+—0-+ -o-—o-_._ el
L I - -o-
®0.8— | From PH3 horizontal position
r scan (0.5 cm step) along
B - = B2 the 2cm pad side.
0.6— .
— -0
0.4 hd
— -o-
: - -
0.2— - - &
L _'__ﬁ_-@-—i*—
: -—9-
0||||||||_T||||_¢|)-||||||||||||||||
0 2 4 6 8 10 12 14

position (cm)

» PH3 pad size is 2x6 cm2. If beam hits the center of the pad, efficiency is
~98% (justify 2 cm readout width).

* If beam hits between the pads or off-center, detection efficiency number is
distributed to the adjacent pads.
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Summary and Schedule

« We build three different MRPC TOF prototypes and tested
with beams at KEK.

« Beam test results

— PH1 (big chamber, strip): ~150 ps timing resolution. 90% efficiency, same as
PH2 (same strip width as PH2). Problem on uniformity.

— PH2 (strip): ~70 ps timing resolution and 90% efficiency under the
nominal operation mode.

— PH3 (pad): comparable timing resolution for PH2, ~98% efficiency.
— Solution for PH2 efficiency: increase strip width.

« Schedule

— New prototype “PH4” (strip width 1.3cm — 2.0cm) will be build and tested in
RHIC-Run5 (also PH2/ PH3 will be installed for comparison).

— Make a decision of the production type for RHIC-Run6 (2005-2006).
— Full installation for PHENIX 1-sector (4 m2) and Physics data taking in Run6.

2004.10.13, Downtown Ft Worth TX CAARI 2004, Tatsuya Chujo
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Without TOF

AEROGEL : (n=1.0114, threshold= 10% of Max. Np.e.)

Momentum 118 2. S 4. 5. 6. 1. ~10.
Gevidl | 0512 | [35] [55]65] i
EMCal RICH
T — < =
AEROGEL
EMCal AEROGEL N RICH
K - -
EMCal(proton) NAEROGEL
p EMCal AEROGELNRICH)
PR —
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PHENIX-TOF-E Front End Electronics

&1 FEE board (16 ch/ board) E
| : Block Diagram of FEE

» QVC/AMU —»{ 12 bit ADC

v
@D Format Buffer

A
—» Discr. |—» TVC/AMU — 12 bit ADC

------

L Fi Ty ol
[ 3~ .i ¥ o ireeiess
f i-_';. F &l LT ' l
e L -
-~
i

- .

& b R
sV 2 f '
y \ e, ' 1 -

| Mg 1 | » Custom-made chips of TVC+AMU and QVC+AMU
= S Overall timing resolution of < 25 ps

§ * Use of Analogue Memory Unit (AMU)

Programmable up to 4 m sec delay w/o

coaxial delay cables.

.....

|
.

Discriminator TVC+AMU chip (4ch /chip)

Sub-board

16 inputs for PMT signals per board, which are split
for timing and charge measurements
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Double vs single stack performance

Hesoiution |ps)

EMCIENcy [¥o)
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¥ O 6 gaps of 220 pm
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B
851 \ g § 00 — o
[T \ Y «-

= w Single stack 8 gaps \

(differant electronics)
70 | | | | | | >
20 100 110 40
. 2 r | | |
Electnc field in gas gap [kV/icm)] I I
eo 100 110
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-
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-
o

ALICE R&D: double stack 1s better, but comparable
overall performance.
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STAR MRPC performance

62 cell MRPC (USTC 1.0.0)

~ 100 £
Euf * Single stack
* 6 gaps

80—._
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